Introduction
Understanding the factors influencing ERP implementation time is still a managerial problem. In 2003, the Hackett Group reported time overruns ranging from 24 to 100 percent for IT projects. Focusing on ERP projects, the literature has reported that ERP implementations generally take longer than expected [1] . In particular, 90 percent of ERP projects finish late and, on average, the real time spent on each ERP implementation was four times that estimated originally. Moreover, time overruns resulted in additional costs until completion since the success of the implementation is usually linked to on-time completion [21] .
Based on the idea that an ERP implementation could be considered a mechanism for achieving organizational integration across departments, we explored complementary explanations of why some ERP implementations take more time than others. Our work was based on three main arguments:
(1) implementation of value-chain modules (e.g., production or distribution) requires more time than business-support modules (e.g., accounting or human resource management); (2) characteristics of value-chain modules, particularly their high interdependence, allow time savings during implementation; (3) business-support modules provide integration mechanisms that facilitate a reduction of the time needed for ERP implementation.
Based on duration models, we obtained empirical support for our theoretical arguments.
We collected data from 141 organizations, for the period 2004-2006, through personal interviews with managers involved in ERP implementation. This allowed us to focus on the detail of the ERP implementation phases and, thus clearly determine the time to complete the ERP project. In addition to the number and type of modules implemented, we controlled for contextual and organizational factors, as well as for particular ERP project specifics.
Theoretical framework

Value-chain versus business-support modules: differences in time implementation
Although the total time spent on an ERP implementation grows with the number of modules used, modules do not require the same time to implement. In particular, value-chain modules (e.g., supplies, production and distribution processes) take more time than business-support modules (e.g., accounting, finance, and human resources management) because of their underlying dependences [2] . We analyzed the role played by different module types that influence the time spent on an ERP implementation. By using the concept of interdependences together with organizational integration theory, we distinguished between business-support and value-chain modules and affirmed that their respective implementation times would differ. We also highlighted the existence of time-savings and facilitator mechanisms that could reduce the total elapsed time for an ERP implementation with these module types. We found empirical support for our hypotheses by using data from 141 organizations and using econometric duration models. Through contextual, organizational, and project specific controls, our results lead us to the conclusion that value-chain modules take longer than business-support modules to implement. Furthermore, we found empirical evidence of time-savings and facilitator mechanisms in the ERP implementation process.
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There are three possible types of interdependences -pooled, sequential, and reciprocal; business-support modules implementations mainly have pooled dependences, whereas valuechain modules are sequentially and reciprocally dependent. Business-support modules impact the whole ERP system but although they are supported by the entire system, their successful implementation does not depend on the completion of other modules. However, the integration of pooled modules must overcome any business misalignment, such as differences between the firm's existing business processes and the ERP module processes that appear during the implementation. Moreover, integrating pooled interdependences requires a narrow interchange of materials, resources, and information [18] . Therefore, business-support module implementations are of relatively low complexity, in terms of the cooperation and communication needed between the different areas of a firm [7] ; as a consequence, the implementation time is lower than that for other more complex modules.
On the other hand, the implementation of value-chain modules deals primarily with sequential and reciprocal interdependence. In sequential interdependence, a serial relationship exists between modules: the output of one becomes the input of another. For instance, the marketing plan is an input to the production and purchasing plans. Reciprocal interdependence even more complex: the output of module A is the input for module B and viceversa. Thus, each module is affected by the other. As a result, we conclude that value-chain implementation requires a more coordination and control and that the organizational integration places strong demands on MIS.
In summary, the integration of value-chain modules, takes longer than business-support module implementation. Consequently, our first hypothesis was: Hypothesis 1. In an ERP system, value-chain modules take longer to implement than business-support modules.
Relative time savings in value-chain implementations
Each value-chain module implementation requires prior coordination of sequential and reciprocal interdependences with other modules in the value chain. Thus the need to verify correct function requires all value-chain modules to be implemented to perform properly in concert with one another. Prototyping and extensive testing are necessary to find and correct configuration errors. This is because value-chain modules do not run in isolation; the majority of organizational areas involved must be coordinated. The implementation of any value-chain module implies a major investment in terms of time of the specific chain but also in the other modules that share its organizational processes. The configuration of common organizational elements among valuechain modules is reused by the rest of the value-chain modules that share part of their business process structure (company code, plants, sales organization, purchasing organization, etc.). So, valuechain modules achieve time benefits since some individual module requirements are repeated in all the modules. Moreover, homogeneity among value-chains reduces ERP implementation time [6] .
However, this is not the only reason for time savings in the implementation of value-chain modules. In particular, greater needs for communication, control, and information are accompanied by greater opportunities for learning [19] . In fact, greater coordination effort provides more opportunities for interaction and access to tacit knowledge. It is reasonable to expect that positive returns from knowledge increase in line with shared competencies and skills. Moreover, interactions during the implementation of highly interdependent modules create valuable opportunities to reconsider initial solutions. Experience gained from ''small failures'' provides feedback [17] ; time savings could accrue from mistakes that are avoided in implementing subsequent modules.
By using these arguments (existence of common interrelations and opportunities for learning), we note that the implementation of a module with sequential or reciprocal interrelations helps the implementation of the modules interrelated with it. As a consequence; when a new value-chain module is implemented it seems reasonable to expect a time saving due to value-chain modules already implemented. This expectation leads to our second hypothesis:
Hypothesis 2. The increment of the elapsed time is smaller with each additional value-chain module implemented.
Business-support modules as absolute time-savers
In line with the arguments of our first hypothesis, pooled interdependence confers two interesting characteristics to business-support modules: (1) their capacity to be implemented individually and independently of other types of modules, and (2), the possibility that the time employed in their implementation will be lower than for value-chain modules. Since elapsed time is the important variable to minimize, there should be simultaneous implementation of business-support and value-chain modules. The total elapsed time for a global ERP implementation, rather than being the sum of individual times for all module types is that time spent on the module that takes most time: (value-chain modules in accordance with the Hypothesis 1). In summary, although business-support module implementation also requires time and effort, ignoring other factors, the maximum (or absolute) time employed in the total ERP implementation will coincide with the elapsed time in implementing value-chain modules.
However, business-support modules have another attractive facet: they can provide coordination mechanisms that facilitate the whole ERP implementation by reducing the elapsed time for other kinds of modules (e.g., value-chain) and, as a consequence, the total elapsed time. If the organization chooses the proper coordination mechanisms, the absolute elapsed time required to achieve the ERP implementation will be lower. These mechanisms include tools for standardization, direct supervision, planning, and mutual adjustment.
In a standard organization, business-support units supply coordination mechanisms that enable organizational integration. Accounting units are particular integration mechanisms [16] . They help companies to standardize the inputs, processes, results, and knowledge, from different departments, in order to analyze and compare them by integrating pooled interdependences. Accounting processes formalize plans, and help to integrate sequential interdependence. These processes also support direct supervision and control of the business that allows the coordination of reciprocal interdependences by mutual adaptation, using impersonal coordination modes. Also, budgets are effective in coordinating pooled and sequential interdependences [4] .
Human resource management provides methods for standardization, oriented to behavior and output control, especially appropriate for the integration of pooled interdependences. Human resource management is responsible for the direct supervision of inputs, contributing to the integration of reciprocal interdependences by mutual adaptation. Human resource planning is an important organizational mechanism to integrate sequential interdependences [12] . Thus, the human resource area also provides mechanisms to coordinate and integrate pooled, sequential and reciprocal interdependences.
These arguments lead us to postulate that business-support module implementation has a special characteristic that converts it into a potential time-saving tool for the whole ERP implementation. Business-support modules deal with people and departments with wide experience in providing coordination mechanisms for diverse organizational processes. In this sense, accounting and human resource modules are not only implemented faster (than value-chain modules), but they also generate added value in terms of time savings, since they offer coordination mechanisms to integrate modules related to activities in the value chain.
In sum, we defend the potentiality of business-support modules for reducing time because they facilitate ERP implementation. These characteristics, together with the organizational units to which they are linked, could explain time reductions in the whole implementation because of the coordination mechanisms that they provide. This does not mean that implementing businesssupport modules gives rise to ''negative time''; however, they reduce the global implementation time by accelerating completion of the remaining modules. Thus, without the special features related to business-support modules, an ERP implementation would take more time. Our third hypothesis was:
Hypothesis 3. The implementation of business-support modules contributes to reductions in the total time for an ERP implementation. In prior work, the relationship between the number of modules and the elapsed time was considered linear and positive [5, 14] . We believed, however, that this relationship would be influenced by the type of modules implemented (value-chain and business-support).
Method
Data collection
Prior to formulating the interview guidelines, we decided to collect only material related to the same ERP program, SAP, which was the most widely used ERP in the companies; thus avoiding problems in comparing results from different software packages.
In order to collect data, we conducted personal interviews with managers who were involved in ERP implementations. We chose a case method in order to ensure reliability of our data by ensuring that all respondents used similar criteria when responding. The process thus first required us to develop an interview guideline (made up of open-ended questions) derived from the literature and our research goals. From October 2002 to June 2003, we asked the sales force of SAP Spain to review these questions; we also interviewed consultants with wide experience in ERP implementation, managers who had led ERP implementations, and the Board of the Spanish Association of SAP Users (AUSAPE) to review the questions. In July 2003, AUSAPE e-mailed the resultant list of preliminary questions to their members asking for feedback. From July to September 2003, we received replies from some AUSAPE members. We crossed-checked their answers, from e-mail and personal responses, looking for inconsistencies, and then used their comments to improve the quality of questions.
From September 2003 to March 2004, we repeated this process by discussing the revised questions with these contacts and, finally derived a list of 155 open-ended questions that dealt with different issues, including demographic information about the organization and the interviewee. The data involved the modules and characteristics of the SAP program implemented; time taken in the implementation; motivation and problems related with it; and coordination mechanisms for people involved it. In order to avoid confusing interviewees, the questions avoided academic jargon. They defined general topics that stimulate discussion; i.e., the questions were written to avoid directing or limiting answers and the temporal structure of the ERP implementation was discussed in an attempt to establish an objective criterion for the time it should take. We did not want this to be defined by each responder according to their own views, since our concern was to ensure that the differences came from objective data and not from the interviewees' interpretation. Thus, we included detailed questions about the time taken in each of the ERP implementation phases. Moreover, answers from respondents were compared and evaluated using complementary sources of information, such as internal documentation, archival records, and press notes.
The interviews were carried out from March 2004 to June 2006. We visited 141 organizations who had responded with details about their ERP implementation in individual manufacturing sites. We established the first contact with these companies by phone and followed up by informing them of our research interest and our need to interview them personally. However, at no time were the interviewees shown the questionnaire; we used it only as a guide to ensure that we dealt with the same issues during all the interviews.
We interviewed CEOs, senior managers, and project managers. Our interviewees met two requirements: that the company regarded them as the persons most knowledgeable about SAP implementation and that they had participated in the SAP project teams either as manager in charge or key user.
The average length of the interviews was 2.5 h. The interviews were open-ended and oral. In all cases at least two of the authors were present, one concentrating on taking notes while the other conducted the interview. Most of the interviewees did not allow us to use tape recorders, due to the strategic nature of the information. We avoided any tendency to direct answers. To guarantee accuracy, we took written notes and the interviewees examined them and stated their accuracy or highlighted any discrepancy. Occasionally, they would limit the use of the information or hesitate to divulge more due to privacy strictures.
In addition, we used data from internal sources, such as calendars, task lists, budgets, and other internal documents of the implementation team. Finally, we obtained accounting and financial data from the Analysis System of Iberian Balance sheets (SABI), a database from the Bureau Van Dijk Company (Brussels, Belgium).
Demographics of the sample
The demographics of the 141 organizations in our sample are shown in Table 1 , which shows a distribution of the respondents by industry. Our sample represents a diverse set of sectors, with almost half devoted to the manufacturing industry. Table 2 provides several characteristics of the organizations (revenues, employees, and headquarters location), together with specific attributes of the ERP projects analyzed.
It is clear that the organizations in our sample are from a wide range of industries, of different sizes in terms of revenue and number of employees, and have their headquarters in a wide range of countries (although Spanish companies are most of our sample). More than half of the organizations spent more than a year in implementing the ERP modules. Moreover, five firms had not finished the implementation at the time of our interview (2006), although we included them in the analysis as censored data. The scope of the modules implemented varied from company to company.
Variables
Measuring the dependent variable
In order to represent our dependent variable (elapsed time of the ERP implementation) we needed to specify the time spent, which we chose to be from inception to conclusion; we were also especially careful to define the ERP implementation phases and to avoid subjective interpretations of timescales from our interviewees. Corroborated by internal documents (project plans and calendars), we identified the Elapsed time spent on the ERP implementation as the difference between inception (the start of the analysis of requirements phase) and completion dates. The start thus dealt with comparing the organizational processes with the procedures in the ERP package; enabling the identification of modules that could be parameterized and those in need of rework. The completion date occurred when all the modules had been tested and installed (the ''go live'' phase).
Exogenous variables
ERP is a configurable system composed of a set of software modules. From the interviews, we were able to identify the number and type of modules implemented. We used Total modules to check the robustness of our empirical model. In order to test our hypotheses, we distinguished between business-support and value-chain modules. Thus the number of business-support modules was related to activities, such as financial accounting, controllers, or human resources management. On the other hand, the number of value-chain modules was linked to activities such as purchasing, production, or sales. To determine potential nonlinear relationships between the endogenous and exogenous variables, we included the squares of Business-support modules and Valuechain modules in our analysis.
In addition to distinguishing between business-support and value-chain modules, we included other modules that do not fit into the activities of previous modules (Other modules). They are multifunctional ones (e.g., Workflow) that facilitate the coordination and interchange of data across the modules. 
Controlling for other factors in ERP implementations
The time taken to complete an ERP implementation depends on several factors. We divided them into project-related and contextual or situational ones, associated with sectoral and organizational characteristics.
Along with project-related factors, we distinguished between phased rollout implementations, where the modules are implemented serially, and Big-bang implementations, where the modules are introduced in parallel [13] . Obviously, the decision of which way implement the system will have an impact on the overall elapsed time. In particular, the ERP implementation would take more time if the manager decides to finish the implementation of one module before starting the next (i.e., phased rollout).
We isolated this decision by using a dummy variable (Big-bang implementation) that took on a value of 1 when the firm decided to implement the modules in parallel and zero otherwise.
The specific version of SAP is another project-related control. In particular, we decide to look at the changes in SAP version R/3 4.6. This included new components, functionalities and some features that enhanced the system from a user's viewpoint. Therefore, we assumed that the time needed to implement an earlier version of SAP (e.g., 3.1) would be different from that for more recent versions (e.g., version 4.6). We therefore constructed a dummy variable (New SAP version), with a value of 1 when the version of SAP was 4.6 or newer or zero otherwise.
The ERP literature provides several critical success factors [9] . One of these is the project team's ability; especially, to access external knowledge [20] . Newly acquired knowledge must be integrated into the decisions and actions of key personnel. This was assumed to increase the probability of timely project completion; thus consultants should prove to be very useful [10] . We controlled for this by using a dummy variable (SAP advisers' involvement) that captured the involvement of SAP advisers and consultants in the implementation process.
Another factor affecting effective project development is user involvement. Traditionally, user involvement was defined as user participation in the systems development process. For an IT project, it provides a better understanding of work processes and information requirements; more realistic user expectations about the system; less resistance to change; and greater led commitment to project success [11] . We control for this effect by using a dummy variable ''Employee involvement'' which captures the involvement of employees (non-managers) in the implementation process. This variable also allowed us to explore the potential resistance to change by the firm's employees. Several studies have identified this as influential for success of ERP implementations [8] .
Organizational size increase has been found to affect bureaucratization, lower flexibility, and slow change. ERP implementation in large companies consequentially tends to be different from that in small or medium-sized companies. In particular, Morabito et al. [15] affirmed that implementing an ERP system required less time in small and medium-sized enterprises (SMEs) than large ones. Therefore, we introduced a ''Firm size'' variable; we defined it as the logarithm of the firm's assets.
We also controlled for the economic and financial characteristics of the firm. We presumed that wealthy organizations were able to make better decisions about ERP implementation or could manage additional costs that can arise during the implementation process [3] . We included two indicators: ''Leverage'' measured by the debt-to-equity ratio (total debt divided by total equity) and ''Liquidity'' measured by the current ratio (current assets divided by current liabilities). We measured these indicators for the year previous to the start of the ERP implementation.
We captured the role of the sector (manufacturing, services, or distribution) of the firm. This was intended to capture the degree of complexity of the firms' value chains. We included two dummy variables (''Manufacture'' and ''Distribution'') to represent the three sectors. They were given a value of 1 if the firm belonged to the manufacturing or distribution sectors and 0 otherwise. Table 3 contains the descriptive statistics and correlations between all variables used in the study. The Appendix includes descriptions of all variables.
The empirical model
Obviously, our endogenous variable, Elapsed time, only took on positive values with skewness to the left. Thus the normality assumption of OLS regressions did not guarantee consistency of the estimators. The alternative view is survival analysis. Accordingly, we used accelerated failure-time (AFT) regression with the expression:
where t j is the total time in ERP implementation; x j is the vector of all the exogenous and control variables; b is the vector of their respective estimated parameters; and z j is the random error. We chose this model because: (1) it estimates the relationship between elapsed time and the number of modules; and (2), we needed to capture the underlying nonlinear distribution to demonstrate the nonlinear functional relation. In this way, we avoided less intuitive and approximate explanations. The Weibull distribution is the one that best fits our data since it received the maximum values among the rest of distributions according to Akaike's and Schwarz's criteria ( Table 4 ).
Note that when b has a positive and significant sign, the factor or variable of b increases the elapsed time. That is, this factor hampers fast implementation. However, when b is negative and significant, it reduces the elapsed time, resulting in quick implementation. Finally, when the factor has no significant influence, it does not affect the implementation time.
Given the limited size of the sample, we analyze the influence of outliers by estimating the parameters b in our regression model, both for the complete sample (b) as well as for the same sample less one ''i'' observation (b i ) each time. Both coefficients were compared using Wald's test. This process was repeated for each of the observations included in the original data. When the equality between parameters could not be accepted at a level of p < 0.05, we considered the observation as an outlier and it was removed from further analysis. Fig. 2 shows the cumulative Cox-Snell residuals versus our endogenous variable. The 14 outliers can easily be seen since they are above level 2, in the chart. We estimated the survival models using the method of pseudomaximum likelihood (STATA 8 software). Table 5 displays the results of four models set up to analyze and test our three hypotheses. The first includes control variables only. Model 2 allows us to establish a point of departure from previous research with, a positive relationship between the total number of modules in a project and the elapsed time. The two remaining models demonstrate whether or not our hypotheses are supported. Hence, Hypothesis 1 would be valid if the slopes for Value-chain modules in Model 3 were significantly positive and larger than for Business-support modules. We would have support for Hypothesis 2 if the elapsed time function with respect to the number of valuechain modules is concave, or if the coefficient of the variable without transformation (Value-chain modules) was significant and positive and the coefficient of the same variable, but with the square transformation, was significant and negative. Hypothesis 3 would be supported if the relationship between elapsed time and the number of business-support modules was significant and negative.
Results
Model 3 shows strong and robust support for Hypothesis 1; the impact of the number of value-chain modules on the elapsed time for ERP implementations was positive and significant (p < 0.002). On the other hand, the influence of business-support modules was not significant and thus we cannot conclude that this coefficient was different from zero. However, we can add more precision to the latter result, since the lack of significance in Model 3 is the consequence of a clear convex, although always negative, relationship between the implementation of business-support modules and the delay in ERP implementation. In Model 4, the coefficients estimated are negative, with p < 0.029 for Business-support modules and positive with p < 0.007 for its square transformation. Thus, we have support for Hypothesis 3. Similarly, Model 4 shows a positive coefficient with p < 0.002 for Value-chain modules, and significantly negative value (p < 0.065) for its square transformation. In conclusion, we also had support for Hypothesis 2. Fig. 3 exhibits the curvilinear relationships graphically. The goal was to compare the empirical results with our theoretical reasoning. We see, in Table 5 , that the sign, the magnitude, and the significance level of the coefficients were stable throughout the different models, independent of the exogenous variables included in the models.
In relation to the characteristics of the project, Big-bang implementation is always highly significant with a negative effect on the implementation time. That is, when the modules were implemented in parallel the time spent was shorter, when compared with contexts where the modules are implemented serially. We did not observe any significant impact of the ERP version on the elapsed time.
Two contextual factors had a significant impact on elapsed time: Firm Size and Manufacture. Firm Size could be a synonym for complexity and thus it was negatively related to the probability of a fast implementation. In the same way, the Manufacturing sector had results that were always positive and highly significant. It seems reasonable to think that firms in the manufacturing sector would have more complex value chains, than other sectors. Consequently, manufacturing sector ERP implementation time will always be longer.
From our data, Liquidity was always significant; the availability of cash at the beginning of the implementation contributed to higher implementation speed. On the other hand, Leverage was not significant in any of the models.
With regard to project-related factors, SAP advisers were found to be needed in the implementation process since they tap knowledge from both the vendor and consultants, thereby reducing the implementation time.
Discussion and conclusions
The purpose of our study was to investigate the influence of the type of ERP modules used on the time required to achieve organizational integration via ERP implementation. Past research has suggested that the greater the number of modules, the longer the elapsed time. However, the effects on the ERP implementation vary considerably from module to module. Our aim was to explore this.
The significance of our results leads us to three conclusions.
1. As Barki and Pinsonneault stated, the integration of valuechain modules requires more time than business-support modules. 2. The concave relationship between elapsed time and the implementation of value-chain modules is proof of the presence of time savings during the integration of value-chains. 3. Business-support units act as facilitators for ERP implementation. However, their contribution to a reduction in elapsed time decreases as the number of business-support modules exceeds a threshold. We demonstrated that higher complexity and size of ERP implementations has a greater effect on time. However, different factors affect this result. In particular, not all types of modules Previous results confirmed that companies lose time-saving opportunities by not incorporating their know-how when integrating business-support units. Value-chain modules should accrue specific benefits as a result of being implemented jointly with business-support modules. The potential for a reduction in elapsed time from the linking of value-chain modules can lead to reductions in the time taken in ERP implementation.
Our study was not, of course, exempt from limitations. The main shortcoming was its generalizability. However, our observations were collected from a broad range of organizations, industries, and ERP projects. Also, though the firms were located in Spain, the presence of multinational firms from a wide range of countries compensated for this weakness. Finally, though our results shed light on the ERP implementation process, we obtained evidence consistent with previous studies. Therefore, it would seem reasonable to regard our sample as representative of a wide population of ERP implementers.
Our results might suffer from a bias due to its concentration on a Latin culture or Mediterranean economy; studies in one country may not apply in other countries. However, the majority of the sample firms have transnational cultures and values, because they have been developing their business in a Western economy as part of the European Union for decades.
Although we included a relatively wide range of control variables, alternative variables could affect the analysis. In particular, the inclusion of variables, such as institutional or corporate governance elements, could increase the richness of the analysis. 
